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SUBJECTED

By C.B.
●

Mathematicale~r.essions

INA BEAMOFORTHOTROPICMATERIAL

TOA CONCENTRATEDLOAD

SmithandA.V. ~OSS

.

have beenderivedforthestressdistribu-
tionina woodbeamGfrectangularcrosssectionsub~ectedto a concentrated
load. Theorthotropicnatureofwoodwastakenintoaccountinthederiva-
tion.ThestressdistributionswereexpressedIntermsofinfiniteseries.
A methodofreducingtheinfiniteseries to thesumofa fluiteseriesand
a closedformwasdescribed.

Themathematicallydetermineddistributionofhorizontalshearin
thevicinityof a concentratedloadwascomperedwiththeactualdistrib~
tionobtainedby a testofa Sitkasprucebeauofrectangul~crosssection.

INTRODUCTION

.
A numberofeqerlmentsonthebendingofwoodbesmsconductedatthe

ForestProductsLaborato~haveshownsomeresultsthatme notexplainable
. by theelementarytheoryofbending.It iswe12knownthatthestateof

stressthatisproducedintheInteriorofa beam,slightlybentby sny
forces~IUSYbe approxktedby theelementarytheorgofbendingatallpoints
thatareat a consideraldylargedistsmcefrmnq placeoflosdingor of
support.Butthestressdistributionneera concentratedloadora place
ofsupportisnoteasilydetermined.Hence,inapplyingtheusuallean
theoq towoodbeams,discrepanciesoccur‘intheneighborhoodofconcen-
tratedloads.Thisanslysisisanattempttopresentforwoodbeamaa more
nearlyexactmathematicalderivationof thestressdistributionnesra
concentratedloadthatisobtainedfromtheelementaqtheoryofbending,
inorderto explainsomeof thediscrepanciesthatmayariseinthebending
ofwood%eems.

Thisworkwasconducted%t theForestProductsLaboratoryunderthe
sponsorshipandtiththefinanclelassistanceoftheNationalAdvisoq
CommitteeforAeronautics. -——.—
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Thebeamdiscussedis

MATHEMATICALANALYSIS
..___
.

MethodofAnalysis —....-—

assumedtobe an orthotropicsolidintheform
ofa long,thin,rectangularplatehavingitsedges~arallelto twoperpe-
diculeraxesof elasticsymmet~lyingintheplaneoftheplate.In the
analysiswoc)disconsideredtobe orthotropic.(Seereferences1, 2,and3.)
Formathematicalsimplicitythethiclmessofthebeamisassumedsmallas
comperedwiththeverticaldepthof thebeamso thattheproblemcanbe
treatedascmeofplanestress.

Thebeamistakentmbe infinitelylongti.to be subjectedtoa
periodicnormalloadontheupperandlowerfaces(references4 end5).
Theresultsobtainedarethenextendedtovarioustypesofloadingandend
conditionsfora beamoffinitelength.Theformulaeobtainedapplyto
beamsofmy thicknessthatissmallin comparison withthe
loadisconsideredtobe givenperunitthichess.

Thex-axisistakenalongthemiddlelineof thebeam,
oftheuppersadlowerface=of’thebeamistakentobey =
by figure1.

SinusoidalLoadingofan

Forthestateofplanestressinthe
functionisgfvenbya suitable
equation.(Seereference6.)

h8 + 2K
8X4

where

and

Inequation(,3)

hf’initeBeam

orthotropicbeam,
solutionof the

A++”=
6X28q2 87

depthif the

andtheequation
+ h, as ah- —

thestress .
followingdifferential

. —
.

0 (1)
.——

(2)

~ = 6y (3)
.

(4)
.

—— —

—. _=
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Also,

E EyXs moduliofelasticityinx- andy+ifrections,respectively

% modulusofrigidityassociatedwithxy~lane

a_ Poissontsratioassociatedwithstressinx-directionand
=4 strainsinx- andy-directions

Forthecomponentsof stressthenotation
as inreference7. Firstthebeemissub~ected

% = $ Cosmx1
\

Xx,Yy,and~ isused
tothesurfaceforce

. (5)
~=o rJon theedgesy = L h.

A solutionof equation(1)thatcanbemadetosatisfytheseboundsx’ycon-

.

ditionsIs

F=
(
Al cosh

where

“=W’

)IUcq + B1 cosh@q COS

$ ‘w=

mx

andit is importanttonotethat a$ = 1.

The-resultingstresscomponentsare

-. YY.+Q2Alcoshmxq +B~COShI@q
&2 ( )

Cos mx

or

Fromequation(~),thevalueof ~ on thesurfaceleadsto

AluSinh IIKLGh+ B~p Sillhm@h = O

A~cLSiIihUK&I
B1 = -“

B sinh@eh

(7)”
.

(8)

(9J

(10)

(11)
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Alsofromequation(~),thevalueof Yy onthesurfaceleads&

( )
+n2 Al coshmoxh+ B1 cosh@3eh Cosmx “=4H7COSmx2 (12)

On solvingequations(11]and(12)forAl andBl,it isfoundthati-

Al . w sinh~~h
(13)

2M2(asinhma.chcoshmp~h- P sfnh@3ehcoshmu&h)

and
+&tSinhMcMh

‘1 = (14)2tn2(aSil’ihWh coshn@eh- 13SiJ.lh@kh coshmcwh)

Thestateof stressisnowgivenby

(~ ~ slnhml%hcoshmq -a sinhma~hcosh@q COS m (15)‘Y = “-ml )
xx = ‘= (CLslnh@ch coshmq — ~ siti-h cosh@q

2D~ )
COSMX (16)

Xy = -~ (SiIlh @3eh”sinhmaq
2D1 )

- sinhma~hsinhmj3qsinmx (17)

where

—

.— —
.

—

.

—.

=

—
=

.—

.

—.
.

YY=$COSMX (y=h)

Y =— b“ Cosmx2 (Y
=-

)h

1

(18)

;=O
( )

y.~h

A solutionofequation(1)that-canbemadeto satisfythesecondi–
tfonsis L– + ‘--

D~ = a sinhmcwhcoshmpeh- P shh m@ehcoshmh
.

Nexttheboundaryconditionsaretakentobe

J?=( )A2 dnh mq + B2 sinhmP~ cosmx (19)

endtheresultingstresscomponents~e
.,b2F (—=Y =-m*

)
A2 SiRh Maq + B2 Shh M&’) COS MX

5X* y
(al)

-

.

.-
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snd-

\

(em2 *

(18)sna

A2Ucosh

B2

(18)and

(
A2 SiIYh

cosh

(22)

-h

#82F_ xx=
)

G%2 (&.2 SiIlhIILcLq+ B2$2sinh@q COSDIX
F3q2

_~52F
—=5=6xm

Fromequations

or

Alsofromequations

)IECW + B213cosh@q sinmx

it resultsthat

+ BJJcoshm&h

A~ cosh-h=-
~ cosh@3eh

5

(21)

(22)

(23)

(20),itfollowsthat

)
maeh+B2sinhn@eh =-~ (24)

On SOIVingequations(23)smi(24)for + ~ B2. it Isfoundthat

- HP coshn@eh
%2= (25)

2m2(~ SiIihma~hcoshm136h- a coshmaxhsfnhm@h)

Ha coshma6h
‘2 = (26)

aL2(psinhmcwhcoshm136h– a coshmashsinhml%h)

By substitutingfromequations(25)and(26),thestress components
become

Y H
(

= — ~ coshn$~hShh mcq
Y 2D2 )

- a coshmmshSiIlhE@~ COSIllx(27)

He2

(
– — a cosh?n#3GhSiIlhmcq

)
- ~ coshmaehS“iIlh@q COSm

=2 (28)
xx=

He
(

— — cosh@ ehcoshmaq2D~ )
- cosh~eh coshn@rjSillw (29)

where

—
—

D2 = P SiIlhmu~hcoshmPGh- a SiIlh@ch coshmu6h

Forisotropicmaterial,itfollowsfromequations(2),(4),* (’7)
thata, P, andG ereequaltounity.Forthisvshe ofa, p, ande,the
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.
stressesgiveninequations(15)to (17)and(27)to (~) reduceto tti
onesthathavebeenfoundfortheisotropiccase. (Seereferences4 and5.) -—.::

Thetwoproblemsjustsolvedgiveperioitcsinusoidalloa&distribu–
tionsalongtheupperandlowerfacesof thebeam. It is
bymeansofFourierseriesthebeamsanbe
typeofloading.

ConcentratedLoadingof.en

subjectedtoa

InfiniteBeam

nowevidentthat”
verygeneral

—

—

Considerfirsttheinfinitelylongbeamacted.onby equalandsimilsrly
directedloadsdistributedoverequalintarv~soflengtha. Thisdistri-
butionofloadsmayberegerdedas a continuousloadof thetype .— —

~x) = ...p(x-2a] +@(x - a) +@(x) +$(x+a) +@(x+ 2a)+ ... (30) —

where$(x) ISa suitablyrestrictedevenfunctionofx. It followsthat--
V(x) isan evenfunctlonofperfod2aand that *(x +a) =*(x-a) =$(x).
Theserequirementsaresatisfiedby thetypeofloadusedinreference5,
inwhichthedefinitionof $(x)waschosenas

—

(31)

Thisexpressionrepresentsa unitload,sincetheareabetweenthecurve
andthex-axisisunity.Forsmallvaluesof & itissu!tableforthe
approximaterepresentationof a loadappliedovera smallareaby a curved
loadingblock.Thecomponentsof stressassociatedwitha pointloadare
obtainedas thelimit,as 8 approacheszero,of theexpressionsforthese
componentsintermsofthepnmeter 5. Thesellmitlngexpressionsrepre-
senttheexactsolutionof theproblemofdeterminingthestressdistri-
butionassociatedwitha pointload. Forfinitebutsmallvaluesof 8
theexpressionsforthecomponentsof stressgivetheapproximatedistri-
butionof stressassociatedwitha loaddistributedovera smallexea.

Theexpressionfor ~x) (equation(30))canbe representedby a
Fourierseriesof theform

tix)=bo +b2cos~+b4cos~ + .0.

where

bo+J’a~x) dx
o 1

br=:L *(X)Cos ( )[~dxr=2,4,6 ...

(32)

-“

.

(33)
.

—
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Substitutingequation(30)in thefirstof theseIntegralsgives

.

Let

[/

e.
bo=~ . ..+

/ J
@(x-2a)dx+ afif(x-a)dx+ o’ @(x) -

0 0

1’a-1-
[ 1!$(x+d~+ afXX+2a)dX +...o 0

x- 2a=q

x —a= x-l

‘=%

x+a= xl

..*
J

Then

1’2a

/

3a
+ @(xl)-~ + 1WXJd.x2+.*.
a 2a

of

.

(34)

(35)

(36)

By similarlysubstitutingeqr&ion(30)inthesecondoftheintegrals
equation(33),itfollowsthat

[(fa
br=: ...+

/
~(x-2a)cosr~dx+ a@(x -a) cos~dx -

0 0

1a+ 19(x+2a)cos&dx+ ...
0

.

wherer=2, k, 6 ....
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Againmskethechqngeofvariableindicatedinequation(35).It
resultsth,at

/

3a
•t

1
@(x2)cos$# (x2- 2a)~ ...

2a

=
.-.

—

4 —.—.

wherer = 2,4, 6 . . .

where r = 2, 4,6 ....

(37)

=,. —
—

On substitutingfr~ equation(31),equations(36)and(37)become

2,4,6 .... .>where r =

(36)

Nextconsidertheinfinitely long beamactedupononlyby a continuous
loadofthetype

.-

*(x)= ..O-t@(x-2a) -@(x-a) +@(x) -@(x+a) +@(x+ 2a)... (39)

fucwtionn-(x)K?l
whereasbsf’ore

v(x+a)~w(x-a)=
theFourierseries

$(X) =bl

isa suitablvrestrictedevenfnnctfonof x. The
svenfunctionofpetiod2a.”
=$(x)● Consequently,V(x)

Cos~ + b3 COB~ + b5 COS

Further,
canbe representedby

2gz+ . ..

.where

J

a
bs=~ *(X)Cos%%

( )
s = 1, 3,5 ● ..

o

(40)

(41)

--—

.

.

.... .,
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On substituting

[[

a
b*=: ...+

o

/

-a
i- @(x)co**&
o

9

fromequation(40),equation(41)becomes

ax

r (1-0 @(X+a)cos*ti+ a@(x+2a)cos&dx ...
o 1

where s = 1, 3,5 ....

By makinguseofequation(39,itfollowsthat

-(r2a /@(X~)ma ~ (xl – a)dxl +
Sa

1
!3(X2)cos* (x2- 2a)dx2...

a 2a

where s =1, 3,5 ,*O

or

where s =1, 3;5 ● .0.

By makinguseofexpression(31)for q(x),itfollmwsthat
BY@-—

~a=~ea (42)

where s = 1, 3,5 ... end 8 iS ttien veg small- intheapplicationsthat
follow.

BeamofFiniteLength

It isnowpossibleto investigatethemainpro%lemsofthispaper,
thatis,finitebeansloadedinvariouswaysandhavingeitherclampedor

—

freelysupportedends.

Taketheloadto consistofa seriesof isolatedloads4 on the
upperfaceofthebeam,witha seriesofequalarfioppositesupporting
pressuresonthelowerfacehalfwaybetweentheloads,as shownin
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figure2(a).
-B

Thisdistributionof forcesumyberesolvedintothesumof
thetwodistributionsshowninfigures2(b)and2(c),whicharemostcon-
venientlytreatedseparately. .

In orderto calculatetheeffectof theforcesshowninffgure2(c),
itfollowsonreferencetoequations (15), (30),and(38)that m . ~,-
enditisnecesmry towrite

or

H w=--
a

rrfj
H m e-~=-—

a 1’

(43)

J
accordin@yas r = O or r> O andsumforevenvaluesoflr. Thus,
thestresscomponentsaxe,infigure2(c):

\

+(44)

A

(45)

In ordertocalculatetheeffectofthesystemofforcesindicatedin
figure2(%),itappearsonreferencetoequations(27),(40),and(42)that
itisnecess~ towrite

S*
-2W -—H==e a —

. ..
—

—m=%
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endsumforoddvaluesof s. Thus,thestresscomponentsare,forthe
caseshowninfigure2(b):

-%
S3-C5w ,“x ——

e a‘Y=-z ((3cosh+Emy8=1,... D2

SYC5
w# m -—TK’y” x e~

8=1, ...~
– j3coshe

a

- cosh

I
\

I

1(46)

I
I
I

J

tmdwhere s hasoddvalues

D2=Psinh-cosh* - asinh% sfiuhcosh— a (47)

Ifnow ~ istakentobeverysmell,thesumof thetwostressdis-
tributions(equations(44)and(46))wouldgivea stressdistributionthat
verycloselyapproximatesonearisingfrmna seriesofloadsW distrib-
utedoversmallareas,as showninfigure2(a). It isevidentfrom
figure2(c)thatthestresscomponentsgivenby equation(44)willbe
relativelyunimportantexceptin theimmediateneighborhoodoftheplace
ofapplicationoftheforces.

It isnowpossibletodrawsomeconclusionsconcerningtheflexureof
finitebeamsunderconcentratedloads.Considertheport$onrepresented
by OS infigure3, It closelyapprox~te~a beamoflength2a clamped
horizontallyat theendsendcarryinga loeiiW at thecenter,

Again,considerthe~ortionPI/.Thispertcloselyapproximatesa
besmof lengtha supportedby verticalshearingforcesof amourit

@
. on thetwoterminalsections,havingzerobendingmomentsat P snd R



.—

andcarryinga load W at the center.ThussectionPR representsapproximatelya beam
of length a, simplysupportedat theendsandcarqyl.nga load W at thecenter.

A SimpleMethodforComputingEquations(Jtb)and (k6)

It ispoaaibleto expreseapproximatelyeachatreasccmtponentgivenin equdtiaus(44)
and (46)in twoparts,eachhavinga finitemmiberof term. Theapproximationcanbe made
se c108saa desired.Aa an illustrationof themthcd of transfcmingtheexprmsionafor
thestrem componentsin thismanuer,theprocessis carriedthroughin detailfor thestress

ccqment xv givenin equation(U). By dividingbothnumeratorauddencminatcn?by
“

cosh F coahy, it resultsthatthe stressoontponent~ in equation(44)became

/ L
Z’E2,..0 -J

where r has evenvalues.It is erldentthatforallternsof thisseriesinwhioh r is
greaterthm or eqzell.to somenumber t, it is approximatelycorrectto write

rmh
~otirmeh 1 T—=- e

a 2

.
!1:

.
1

Ill I :1



.

I

Hence,approximately

{Yrfi.—
Xy=-y ea

r=2

masiny

L

M
“1

r@6h

(

rmll

1 }

rlicll
a T rm

-e e -e siny
(49)

wheretheaumationIs of evenvalum of r and t iBanevennumberandchosenso that

A closer
indicate

s~p.k.
a

appro~t~~ l%3f3UltSif t istakenstilll-w@~tm e~~t~on(49)
. However,theapproxtition(equation(49))appearstobereaaomhs

(49)

would
gocd.

Aft3rwritinginexponentialformthetrigonomtrlcfactcmsin~ occmln% in

theIm”imltiserieem equation(h8),fourinfinitegemetrlcalprogresalm areobtelned,
eachofwhichisreadilyswd. It iE fo~ that

.



\

‘2 ~in 9- e32 sln(t- 2)
+IY2

e SintA+e sillt- 2)

4 ‘})

(m)

1 - 2e*2 .0s2A+ e472 1- 2esp2 cosm+e 2

where

71=:[d H)-5] 1
(51)

[
72=: ~c(y-h)-ij

[ 1
P~=:ue(y+ll)+5

P2=:
F 1~(y+h)+ba

L.$

\

Usually,it isnotnecemaq totake t lnrgarthan12 or 14. However,in eachease
equation(49)mustbeusedin mder to establishthevslusof t needed.

P4=-
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By applylngthismeth~ to the
theexpressionfor ~, itresults
approximatel-yas

w%-z{

%

%

- a SiIlhrvlhcoshrv~

.

la

otherstresscourponenteandrewriti%
thatequation(44)canbewritten

—

[
+ R af(t,71)+ dt, – PI)- pf(t,72)- ~f(

.J
--J

t,– $132)

[
+R -

1
if(t,7J+ if(t,- PJ + if(t,72.)- ff(t,– PJ

where

52)

r (53)
t>% (t even)

ep,Q+ikl~_@~)], !
dp, q) = 1(a- P)~-2e2qoos2X+e4q ,
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i =$-~; Dl,D2,71, 72,PI,P2sand A exegivenby equations(45),(47), _
and(51);snd R meansthattherealpartof theqgu?essionfollowi~it
M tobe tsken.Correspondingly,equation.(46)canbewrittenapproximatdy

.

as

– a coshs~,h sinhsV#
)

SnxCos—a \

coehsv2hSinhsVIY

) Sllx- f3(joshsvlhsi~ ~2Y Cos—a

+ R[;-CC@%YI)+ cf(m,-l) + Pf(m,7’2)- @f(m,- P2~~..
‘\

J

(54)

f’,and i aregivenas beforeby equations(45!,(47),(51),and(53];
and R mesnsthattherealpartof theexpress5.onfollowingit istmbe
taken.

It ist~berememberedthatequation(52)fora smallvalueof 5
givesthestresscomponentscorrespondingtotheloaddistributionshown
infigure2(c),exceptthattheloadsaredistrib~tedov9ra mall area.
Theresultsforpointloadsareobtainedbgsetklng8 equalto zero.
(8kpercentoftheareatier thecurveof equation(31) is over a length25
oneithersileof x = 0.) Similarly,equation(74)correspondsto theloa3 .

.—

—. ___
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distributionshowninfigure2(b).Neitherof theseloaddistribution_
alonewouldbe ofmuchpracticalimportance.However,hy eddingthetwo
distributions,theresultingstressdistributionis thatof en infinite
beamloadedatequalintervalsby equalconcentratedforcesactingin the
upwerdend.downwerddirectionsaltern&tely,aa shownby figure2(a).From
thecombinedstressdistribution,itispossibletodrawsomeconclusions
regqrdingbeamsoffinitelengthsub~ected.toconcentratedloading.....- ..-..<..

ReductionofEquations(52)and(54)foranIsotropicBean

Thestresscomponentsgiveninequations(52) and (54) admit some
simplificationwhentheysreappliedto-anIsotropicbesm. Althoughthe
isotropiccaseisnotbeingconsideredin thisreport,it~ be of
interesttodeterminetheforestowhichequations(52)and(54)reducein
thiscase.FortheIsotropiccase, B approachesa as a’ approaches1,
end E alsobecomesequalto1. Forthesevaluesof””a “,and13,equa-
tions(52)and(54)becomeindet~nate”.By evaluating(notingthatv,
~237> 72,PIsandP2 arefunctionsof a snd ~),itresultsthatfor

- — cosh‘~rtih
a 1

cosh‘~ COS‘~

[ }1+R~(y-h)P(t,?’)-~(y+h)P(t,-p) -f(t,7)-f(t,-P)
f= rfi~

{

-:~~[slr+a J
xx . rnh ~ ~~~ XEE+ cosh~

a )= .L 55)

rfi rfih-— coshy
II

cosh~ C08 ‘~ ,,.

[
+ R $ (Y - h)I?(t,7)- ~

~=_;~ (

.1}(Y+ h)P(t,~) + f(t,7)+ f(t,-P)
rfi5

-2 e-~
‘= Stmh~rflhcosh&

k’ ‘1 a

rfih
)

-ycosh~sinh~ sin=a I

[
+R-~ (Y- h)p(t,7)-+$ (y+ h)P(t,- p)1IJ )
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.

where r Isevenand

[ [ 1,t2~(teven), X=&,7 =~(y-h)-8~~p=~(Y +h)+8 I

~P(q.+i~)
P(p,q)= -

(
1- 2e2Qcos2X+ e )[4q2 p - 2(P- 2)e2qc“”2X

+(p - 4)eb - (p+ 2)e2(q-iX)

I
(

,.

2(2q-iA)~o~“2A
+ 2pe 1- (p- 2)e2[3q-ih)

\ (56)

.

.

and R meansthattherealpartof theexpressionfollowingit is tobe
taken.A closerapproximationto theactual.stresscomponentin the
isotropiccaseresultsthelargerthevalueof t is taken.Ebwever,

anyvalue of’ t> ~ appearsfromnumero~ computa~onstobereasonably

satisfactory.Similarly,equatiau(55)beccunesforan isotropicbeam:
—

..—

._

-=



l?ACATNNo.M16

s Is odd;7,4, X, P, f, and i exegiven‘byequation
againthattherealpertof theexpressionfollowingit

19

(57)

(56);end R means
Istobe used.

llW?~ VERIFICATIONOFANALYSIS

~ thevicinityof a concentratedloadon a beam,thedistributionof
thelongitudinalsheerovera crosssectionismerkedlydifferentfrom
thatpredictedby theelement~.theory.An estimateoftheaccuracyof
themeth@ canbe obtainedby a comparisonof an exper~ntaldetiormination
ofthisdistributionwiththatcalculatedby themathematicalmethod
describedherein.Suchenexperimentaldetemninationanda comparison
weremadeandsredescribedinthefollowingsections.
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.
DescriptionofTest —_

Theplanwaqbroadly,to obtaina solidwood~eemofuniformstruc-
-.

.
ture,tofix47metalectricgagesoneach$aceinthevicinityofthe
loadpoint,to ap~lyloadandrecordstrainsbymeansofmetalectric
rosettesby usinga 48-pointrecorderconnectedfirsttothegageson
onefacewithonecheckgageontheotherface,andthentorepeatthe
applicationofloadinidenticalmannerandrecordstrainsby usingthe
recorderconnectedto thegagesonth”eoppositefaces.

A clear,straigh~ainedSitkasprucebeam-wasselected.The-rough
piecewas3 inchesby 10 inchesby 16fed-withtheM-inchdimensionin
thetangentkl.direction.Theannualringsnumberedabout18totheinch
andtheirradiusof%&vaturewasapproximately3 feet. Thegrainwas
almostparalleltothelengthofthebeamthro@out-.

—
One-&U?thero@h-

piecewassurfacedonfoursidesandtr-d ontheendstogivea
finishedbeam1.99by 9.37by 96.o3inches.Thespecimenwasthenstored
ina roomof constanttanperatmeandhumidityfor3 weeksuntilits
weightibecameconstant.

It”wasdesirableto obtainstrainsinthreedirectionsatdefinite
pointson thesurfacesofthebeam. Theuseof electric-resistance-type
straingagesappeeredmostfeasibleprovidedthaba shortenoughgage

1 inchand~lengthcanbeobtained.Metalectricgageswfth8- l-inchgage
lengthsandrosetteswithl–inchgagelengthsarecommerciallyavailable.
Strainsmeasuredby thesegagesareaveragestrains over thegagelengt%
and,therefore,thel—inchrosettes are not suitableforthepurpose.
Rosettescanbe builtup,witheitherthe~- or~-inch gages,bymount-
ingthegagesontopofeachother.The~-inchgagesare1/4inchwide, .-
sothatwhentheyaresuperimposedoneachother,thefirstgageis
shorterthanthewidthofthegagebeneathit= Thiswasbelievedto be

.

undesirable,andthe&- inchgageswere,therefore,not”employed.

‘he& inchgageswere1/8inchwideand,therefore,thisdifficultywas ‘-
=

notiemcounteredintheiruse. Rosetteswerebuiltup ofthesegages,ant
theeffectofsuperimposingtheindividualgagesoneachother-S found.
asfollows.

Threerosettesibuiltofthreegageseach.weremountedonthecenter——
lineofa stripof ;learSitkaspruce1/4inch-thick,1 inchwide,and
about24incheslong,whichwasthensubjectedtotension.Thepositiom
ofthe‘gageEsreshowninfigure4,andtheValueso~the strains
observedfora seriesofloads.eregivenintable1. Inrosetts-A,the
longitudinalgageIsapplied.direct~onthewood. Inro@ett-eB, the
longitudinalgageisbetweentheothertwogages.@ rosetteC, the

, longitudinalgageissupertiposed.onbothoftheothertwogages.

—

,

.
. == .-
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Examlnatlonofthedatatabulatedintable1 showsthatthestrain
readingswereduplicatedtowithin0.00002inchperinchin successive
loadings.Thechartsfromtherecorderwerereadaccuratelyto about
0.000008inchperinch.Higheraccuracywasnotpossiblebecauseofthe
thicknessoftherecordipgtrace.Whenthetracesoverlappedprior
traces,t~ereadingswerelessaccurate.

Thedataalsoindicatethatthepositionofthegageintherosette
doesnotsignificantlyInfluencethestrainrecorded.Thelongitudinal
strainmeasuredby gage1 inrosetteA (fig.k) canbe assumedtobe
correctbecausethega4ewasmounteddirectlyonthewood. Strains
measuredby gage2 ofrosetteB,whichwassuperimposedon oneother
gage,showedincreases,comparedwithgage1 of 0.000010inchperinchin
thefirstand0.000016inchperinchinthesecondloadingat a loadof
7X)pounds.Thelongitudinalstrainsmeasuredby gage3 ofrosetteC at
thesamesuccessive.loadswere0.0000@and0.000068inchperinch
greaterthanthosemeasuredby gage1. Thusthesedataindicatethatth
superim~osedlongitudinalgagesundergogreaterstrainsthanthegage
mounteddirectlyonthewood. However,thegagesmeasuringstrainat 4~
to thelongitudinaldirectiondonotconfirmthisIndication.Gage6 w-
applieddirectlyonthewood. Gage4,whichwasappliedon oneother
gage,yieldedvalties”ofstrain0.000040and0.000050inchperinchless
thanthoseofgage6;,andgage5,whichwassuperimposedontwoother
gages,yieldedvalues0.000050and0.000040inchperinchlessthanthose
of gage6. Gage8 wasalsoapplieddirectlyonthewood. Gage9,which
wassuperimpgmedononeothergage,”yieldedvalues0.000060inchperinch
lessthanthatofgage8;andgage?,“whichwassuperimposedon twooth~
gages,yieldedvalues0.000030inchperinchgreaterthanthevalueof’
gage8. Theseresultsindicatethatthepositionof a gage.(%ottom,
center,ortop)ina built-upro~etteafisre~tlyhasno consistenteffect
ontherecordedstrains.Furthermore,t-hedifferencesIntheniagnitudes
ofthestrainsreadby gagesorientedinthesame.directionareso small
thattheymightverywellbe differencesInactual”strainfrompointto
pointInthespqg~n:. It isassumed,therefore,thatrosettesofthis
type-yieldvaluesof strainthat“sr”e””stificientlyaccurateforthepurpose
ofthisreport.

Gagesofthistypeweremountedon thebeamwhileItwasapproaching
itsequilibriummoisturecontentinthehumidityroom. Theirpositions
areshownby thesketch(fig.5)andby thecoordinatesintable2. Th
rosetteswerebuiltupwiththegagemeasuringstraininthelongitudinal
directionofthebeamapplieddirectlytothewoodandcenteredon the
point.show Infi@.ure5. Thegagemeasuringstrain.at90°to thelongi-
tudinaldirectionwassuperimposedonthefirst.gageandcenteredon tk
samep“oint.Thethirdgage,whichmeasuredstrain’at45°to thelongi–
tudinaljwassuperimposedonthefirsttwogagesandcenteredon the
samepoint~Additionalgageswithl-inchgage.l&&h wereappliedto
meas~e.longitudinalstrainsinthe,vicinityof”t”h.neutralskisas ““
shown.“’

,.. ,,.,... ....
,,~ .\-- ~;. ,,,.... ..
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Point=syimmtricallyarrangedaboutthelineofactionoftheload
—

wereaccuratelylaidout-onbothfacesofthebeam byusinga square
anda scalegraduatedto0.01inch.Applicationof theg~es required .
thata @me coatingofgluebe allowedto dryonthewood. Freshglue
wasspreadonboththegageandthebeam,endthenthega& wasfix..
pressedi’ntoposition,thesqueezed-outgluewasreimved,~d a weighted
pieceof spongerubberto apply-pressurewaslefton thegagefor48hours.
Thelayoutlineswerecoveredby thefirstgageapplied,sothatthelines
wereredrawnontopofthegageforapplyingthesuperimposedgage. Ho%
ever,afterallgageswereappliedandthecoordinatesweremeasuredfar
thecenterofeachgage,itwasobservedthatwameindividualgageswere

—

centered as muchas0.04inchfromthepointdesired.Incomparisonwith
thedimensionsofthe‘beam,thelocationofgageswasconsideredsatis-
factoryandwaswithin0.03inchoftheaveragevaluesgivenintable2. .

Thebeamwastestedintheroomofcontrolledtemperatureand
humidityafterequilibriummoisturecontentwasattained.A four-crew
mechanicaltestingmachineof10,00&pouridcapacitywasuseciwitha stati~

—

bending,jigcenteredontheweighingplatform.TheJigwasmadeof a
pairof~%inchI–beamsboltedtogetherwithspacersto givea $.–inch
clearancebetweenflanges.Laterallyadjustablesupportswere “spaced
symmetricallyfromthecenterof%he Jigto-givea 6=f,ooot-smm and were...
boltedtc)thetopflanges.Thebeamwas“thencenteredon thesupports,
androller~eeringplateswereInsertadbetweenthebeamandthelaterally
adjustablesupports.Loadwasappliedto thecenterofthebeambymeans
ofa sphericalheadanda hardaple bearingblockcutintheshapeofa

—

cylindricalsegment.

A ~eat amountofdifficultywasencounteredinattemptst-oayply
L

theload.Severalloadingblockswereeachtriedinseveralpreliminszy
loadings,butiheobservedvaluesof strainwere”farfromsymmetrical

--

abouttheplaneinwhichloadwasapplied.Theslightes+rmhangeinthe
.

positionoftheloadingblockproducedl~ge changeinthestrai~onthe ~
facesofthebeam. Consecutiveloadingsimderconditionsreproducedas
closelyaspossibleforeachloaddidnot-produceid~nticalstrains.The

—

planto observestrainsineachfaceofthebeamintwoconsecutiveload-
ingswasthereforediscarded.Thel-lnchgages inthevicinityofthe
neutralaxiscouldnotbereadwithsufficientaccuracytoyielduseful
data;48 gs&eswere,therefore,selectedformeasurementof strainduriw
a singleapplicationoftheload.Thesegageaare-shownincirclesin..
figure5.

——

Ikd?orethefinaldataweretaken,a jointircut0.05 inchdee>.was
takenalongthetopof%he beamtoremoveanymaterialthatcouldhave
beenoverstressedbeneaththeloadblock.dw”ingtheyrevious.application

——

ofload.A newhard+mpleloadblockwas-turnedina woodlathetoan .
n-inchradiusto insurea truecylindricals@ment. Thebeamwasagain
setup andsmallloads,lessthan200pounds~wereappliedto check.the
centeringoftheloadingblockagainst-thesymmetryofthegagereadings.

.
—=
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Movementsof 0.01 inch of the loadingblockwe~-stificienttoproduc6‘“”
definitelynonsymmetricaldistributionsof straifi.When theloadinQ ‘-
block.wascenteredto.giveapproximatelysymmetricalstrains--thebeam
wastestedasfo~.ows. . ----....._... ....— .

.. .-..
The48-pointrecorderwas”adjuetedfortheinitialreadingof each

gagewhilea loadof15 poundswasmaintainedonthebeau.’“E$trainswere““ -
thenrecordedforgagesonbothfacesofthebesmwhileconsecutiveloads
of100,X)0,300,400,~, and60Qpo~ weremaintained.

Olservedstrainswererecordedwhilea constantdeflectionwas,mai~
tainedonthebeam. BecausetheloadwascomparativelysmallandObly-a
fewminuteswererequiredtorecordthestrains,plasticflw”ofthe
materialofthe_be~probaM.ydidnotinfluencethestrains‘o%served.
Certaingagesregisteredsuchsmallincrementsof strain(lessthan
0.000008in./in.)thattherecordedtracesoverlappedandmadeaccurate
interpolationof thestraindifficult.Thereadingstakenforsmall
incrementsofstrainare,therefore,notsoreliableasthosetakenfor
largeincrements.

Afterthebesrnwastested,specimensforthedetemninationofits
elasticpropertieswerecutfromit. Theyweretakenfromthe’central
partofthebeam. Fortheplate+hearltest,thesespecimensconsisted&
twospecimensmeasuring1/4by 9&by ~ incheseach;andforthecom-
pressiontest,thespecimensconsistedof twospecimensparallelto the
grainsndmeasuring2 by2 by 8 titheseachandtwo-spectiens~e~endlcular
to thegrainandparalleltothedepthofthebeamandmeasuring2 by 2
by 8 incheseach.

Fromthestaticbendingteststhemodulusof elasticityonlywas
determined.Themodulusofrtgidityinplanesparallelto the“facesof
thebeamswasdetermhedby theplate-sheartests.
ityin compressionandPoissontsratiosintheTR-,
directionswereobtainedby thecompressiontests.

PresentationofData

Modulusof.ekst$c-
TL-,LT-,andLR-

—

Dataobtainedfromthetestofthebeamarerecordedintable3.”-In
column(1)arelistedthewest-andeast-facegagesshowninfl~e 5.” The
gagereadingsat15,100,200,300,400,500,and600poundsaregiven-h
columns(2)to (8),respectively.Dhuensionsofthebeamat timeoftest
were1.99by 9.32by 96.o3inches.Thestrainstabul.atedwerereadand .
checkedfrom’thechartplottedby the48-pointstrainrecorder. .,-.

,Readingsof eachgageareplottedinfigure6 andaregrouled.in
accordancewithdistancefromtheplaneinwhichtheloadwas”aypliedand
withdistancefromthecenterl+neofthebeam. Theslob “ofthesecurves
fromO to WO poundswaaWed to determinethestrairx-tabulate&’ifi””‘“”~’,. -.,.............. .

.
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column(9) of table3. Fromthesestrainsthesheerstrainsh thexy-plane
werecomputedforthepointsatwhichrosetteswerelocated.In table2
thex- and-y-coordinatesofthegagesme givenin columns2, 3,6,and7,
andthesheezstrainssretabulatedincolumns(4)and(8). Thestrainsh
bothfacesandatpoints0.4inchoneachsideoftheloadwereaveraged
foreachgroupofgagepositionsat symmetricallooations.Theseaverage
valuesaregivenattheendoftable2. ..

Shearstrainsinthe~-planeofthebeamwhensubject&dtoa ~0-pound
loadwerecomputedbythemathematicalmethodpreviouslypresentedfor
points0.4inchfromtheplaneinwhichloadwasapplied.Computations
werebasedontheelasticpropertiesgivenintable4 obtainedby testsof
couponscutfromthebeamaftertest.Thestra@ werecalculatedfor
threedistributionsofload(8equaLto O,0.125,and0.250inch)by
obtainingtheshearstresses~ fromthethirdparti-ofeq,uattm(52)
and(54)anddividingtheirsmnby themodulusofrigidity.Thismethod
ofobtainingshearstrainsfromshearstreqsesisvalidO- whenthe
strainsassociatedwiththegraindirectionandtheradialor tangential
directionarerequired.(Seereferences8 and9.)

Forexsmple,thestraincomputedat x = :.40and y = 1.48with 5 = O
wasobtained.asfollows.Firstthevalueof–~ wasfoti fr~eq~tion (~)
tobe0.03594,sndfromequation(49)thevalueof t wasestablished
as 8. Thenframequation(52)theterm

c--
a

was

*

.

.-

,.

—

evaluatedandfoundtobe 0.001002.
—

Therealpartoftheterm

r~R ‘if(t,71)+ if(t, –Pi) + if(t,72)- ti(t,+2)--
1

ofequation(52)wasfoundtobe 0.002806.BY addingthesetermsand
multiplyingby
similarmanner
Theterm

Y
ma- —.

& ea
a

S=l D2

andtheterm

W thestress~ wasfound~qualt~0.003808w;Ina
forequation(54),m wasfirs~tablishedequalto 7.

( OnxcoshsV2hcoshSVIY
.)

- coshsvlhCOShSV2W sin—a
. . .

[
~R if(m,Yl) + if(m,-pl)- if(m,~2)- if(m,-P2J .

.- .. .

werefoundtobe 0.004437a@.O.00392~,respectively;
.-

& SWOii~ and
multiplyingb,yW, the valueo&.Xy fromequatl.on(54) wasfoundequal .
to 0.008362w.Thesumofthestressescomputedbyequations(52)and(~)
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gavethetotalshearstress
5

atthepointe ualto 0.01217W.By
7substitutingtheloadperinchofwidth(XO lh1.99in.) for W and

dividingby themod
%
us ofrigidityWws thestraineg wasfound

equalto 33.72x 10 .

Computedstrainaforseveralpointsaregivenintable5 inwhich
columns(1)and(2)givethex- andy~oordinatesof thepointstid
columns(3),(4),and(5)givethestrains,respectively,with 8 equal
to O, 0.125,and0.250inoh.

A comparisonofthecomputedandtheobseneddistributionof shear
strainsispresentedinfigure7 inwhichthreecurves,onefbreach
valueof 5, andthea?erageobsenedstrainsareplottedwithdistance
fromlongitudinalcenterlineas ordinateandthestrainsatpoints
0.4inchfromtheplaneof loadingas abscissa.

RESULTS

Theresultsofthecomputationsgivenintable5 andthe average
resultsof thetestsgivenintable2 areplottedinfigure7. Inthis
figuretheordinateseredistancesupwardfromthecenterlineofthe
beamandtheabscissasme shearstrain.Thedistributionof strain
obtainedby theelementarytheoryisalsoshown.Thedifferencebetween
thetwomethodsIsmarked;thatis,themethoddevelopedhereinexhibits
a high-stressconcentrationneerthetopofthebeamandtheelementary
methodyieldsa lowmaximumat thecenter of thebeam.

—

The data from the test exhibita stressconcentrationsimilarto
that obtainedby the more accuratetheory. The measuredstrainsat the
two points1.48 and2.72 inches from the center of the learnagree with
the theory titbln the accuracyof the experiment. Thestrainsatthese
twopointsaresosmallthatthecorrespondingtracesonthechartofthe
recorderoverlappedandcouldnotbe accuratelyread. Thestrainat

.-

3.72inchesfromthecenteroftheleemagreesverywellwiththecurve‘“
for ~ = O thatIsfora concentratedload. Of course,theloadwti--”
notconcentratedinthetestbutwasapplied-overa lengthofabout
0.4inchby thecylindricalloadblock.However,at a distancefromthe
regionoverwhichtheloadisappliedthedifferenceintheeffectof a
trulyconcentratedloadandoneappliedovera smallregionshouldbe small.
Thestrainat4.4-8inchesfromthecenterofthebeamshowstheeffect&
thedistributionoftheload.At thispoint,thetheoryapproximately
agreeswith experimentsif 5 isgiventhevalueof 0.2.50inch.The
strainisconsiderablylessthanthatduetoa concentratedload.

If the”actual distributionoftheloadon thebeamwereknown,a more ~
accuratesolutionforthestraindistributionneemtheloadco~d be

—

obtainedby integratingthesolutionfora concentratedloadof vwing .
intensityover the loadedpsrt of the beam. However,this diekribution
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isdifficulttodetermineandusuallyisnot-known,and,therefore,further
refinementofthemethod,seemsfutile.

CONCLUDINGREMARK .-..

It a$pearsthattheshearstrainacomputedby a derivedmathematical.
methodwereverified,as closelyas couldbe expected,by exper-nbn
a woodbeamofirectangularcrosssection.

ForestWoductsLaboratory,ForestService
U.S. DepartmentofAgriculture

Madison,Wis.,February18,1947
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TABLE1.- S!CSA15 OFWRVEDIWR0S31XWm_O1i A_ OFWOOD

SUWECIZl)mA~~LOAD

Strain
(in./In.)

*
Load
(lb) GaSB1 Gase2 Gage3 G- 4 G~ 5

I
G~e6 GaSO~ ~8 -g

Seood applicaticaof load

o
108x
216
328
w
561+

1%

1%
Ilk8
Xx3

10-6

w o
100 ----
la ----
m --”..

250 ----
300 ----
350 ----
403
4X ::::
500 1034
5W u~
600
6$) YE!
‘W ~
750

10:x 10-6
z12
328

g

796
916
1036
u60
MM
1400
1%24
ll$yj

o
U2 x 10-6
22k
336
I@
376

E
936
U360

13U2
1440
1548
1708

tio
910
1050
1170
I&90
1410
1520
M@

o
100
2ZI
330
450
3P
690
81o
9W
1060
Imo
131.O
140
1%
1700

0
xl x 10-6
M

o
10x 10-6
30
50”
60
m
100
la)
130
la
W

ao
230
m

F~ratq@loatkm of load

: x 10-6
m
l~o
210
270
320
370
410
$70
510
m

%
WQ

o 0
m 10

20$’
&l :
& 80

100 100
L3J 120

1.30;$ 150
19Q 1-(0

lx
2a 210

2%2 230
250

, ,

:Xlti
Uo
160
200
a
%’
39
430
lk!a
530

xl
670

;
90
150
190
250
300
340
390
430
470
520
560
610
6P

o
50 x lo~

m)
1X
180
230
2P
300
3X
390
430
h80
520
570
610
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● TABLE2,- OBSERVXDSTRAINS,A~E VALUES,ANDCOORDINATESFORPOINTSAT

.

WHICHGAGESWERELOCATEDONBEAMTESTED(AXESSHOWNINFIG.1)

Coordinates” Shear Coordinates Shear
strain,

Gage strain,
G-e

(:.,)(i:.) %
(h./lIl.)

‘w(:.) (~.) (fna/~no)

(1) (2) (3) (4) (5) (6) (7) (8)

Westface
I

EastFace

1, 2, 3
4, 5, 6
7, 8, 9
10,11,12
13,14,15
16,17,18
19,20,21
22,23,24
25,26,27
28,W, 30

31
32
33
34

47
Topof

0.97
.38

-.40
-1.01

● 37–.40
●37

-.40
.38

-.40
5.01
5.01
~.oo
.94
●95
.94

-.b3
-.03
-.04
-.04

–1.04
–1.05

.-1.05
+.00
-4.99
+.00

A
beam

4.48
4.49
4.48
4.U3
3.71
3.72
2.72
2.73
1.48
1.48
.02
.21

-.17
.22

-.17
●02
.23.

-.17
.38
.03

-.17
.23
.03
.23
,02

–,17

-H-

442x 10-6.
1140
+14
-314
376
-260

%----
-36
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----

I
1, 2, 3 -1.03
4, g, -.40
7,

10, 11: 12
9

-:E
13,14,15 .41
16,17,18
19,20,21 –:%

22 ●99
23 ●99
24 1.00
25 .01
26 -.01
27 ●01
28 .00
29 -1.04
30 -1.03
31 -1.04
32 .00
Topofhewn

Average W*4C
values k .4C
(both * .4C
faces) i .&

I

4.48
4:U
4.47
3.72
3973
?.72
1.48

.23

.00
-.19

.22
-.17

●39
.01
.21
.00

-.17

4.48
3.72
2.72
1.48

----

-9
----
----
----
----
----
----
----

----
----
----
----

=s=’
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—
-. —

●

.-,. . . —

Y readingn
in./in.)

l>lb 10d

(2)

582X204
339
339
585
935
632

g

780
575
427
587
1000
747
682
79:
73?
684

strainincre-
mentm

ot,o~lb
(in./in.)
(91

*: XM-6

XIC&lbloai 30c&lll10PJ kOO-lbloa 6oo-lbloai

,(3)
5& x 20-6

(4)
.20-6

(5)
505x 20-6
341
360
537
767
673

$:

702
575
430

(6)
k79x 20-6
342

X
700
636
52’7

2$
678
575
430

it
681
669
61_o
686
660
62iI
@o
556
ma
79Q
382
365
54
J57

k6k
530
@
m
$83
m
m
>57
480
710
421
478
401
380
793
630
493
68+5
32’7
337

536
341

%3
832
655

f;

m
577
429

432
342
384
499

,$!$
8%
642
544
934
660

5s3
699
532

%
615
573
441
554

%
648

573
438
%2
763
6s1
654

573
915
718
671
707
po
672
662

M
735

%!

:~

635

$:

g

565
690
502
650
679
708
693
554
7$

545
842
312
559
404
360
592
807
526
694

i%

52U
660
647
580
578
542
770
162
w
332
532
570
M
515
Q8
y
J79
b23
B5
$02

700
664
640
612
562
040
k5
*3
380

700
642
582
g

620
568
962
915
Y%
>98
3s
585
kw
542
525
po
593

z%
570
692
512
654
755
726
695
582

753
Em

536

J8
30

587
jtip
?20 37

531 -
766

w
k02

il
522
FY33
342

442

533
402
365
593
745
524
693
w
682

372
593
687
502
608

392
593
573
482
682

593
320
472
w

45!3
305

21.1
210

Lll
Loomo3 -

!_

—

., .

.- -4 –:

-=
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TABLE4.- MASTIC PPOPERITEJOF SITKASPRUCEH3Ml

W TEI!LSOF COUPOIW

Propertyl

ModuluEof ri@dity in sheer(lb
peraq h.)

MOiulua of elasticity in comprea-
81on
~ (lb per sqin.)

~ (lbperaqin.)

Poisson’H ratio
u~

(SM

cr~

u~

Test value

Coupon 1

9%W

L,641,000

34,870

0.46
.21
.01
.66

Coupon 2

9),8x)

1,757,000

40,950

0.%

.25

.02

.66

Average
WiLue

90,690

L,69g,m

37,910

0.L18
.23
.02
.66

lL T andR referto directionof grain,tirectfontangentto growthJJ
rings,anddirectIonperpendicularto growthrings,respectively.

. ,
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TABLE5.- COMFWI!EDSTRAJNSINBEAMAT 500-OtJIIIlLOADFOR

8 s o, 0.125, ~ 0.25 ~ coo~~~s OFN-

.

Coordinates Computedstrain,e=
(in./in.)

(i:.) (f:.) ~ = O In. B = 0:125in. 5 = 0.250in.

0.40 1.48 33.72X lti 33,25X 104 30.87X 104

.40 2.72 %0.46 74.39 68●95

.40 3.25 146,22 131.15 118.17

.40 3.72 312.10 266.53 229.38

.40 4.10 777.67 610.70 488.07

.40 43-30 14~.~ 1068.34 813.02

.40 4.48 2591.00 1832.24 UX?Q.66

.40 4.52 .-.--”- 1922●92 1344.37

●4O 4.56 --”””-- 1825.47 1308.34

.40 4.60 --..--- 136~.33 1059.90

.40 4.66 ----*.- .06 .06

.

.
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Figurel.- Orientationof axWanddimensions of beam. ~
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Gagei

I
Gage2

I

I
Gage
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/

Gage

/
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6

Rosette C
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Figure4.- Gagepositionsin built-up rosettes .
on tension for check test.
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~
y-axis (plane of load) ———

-41 ~~ West-face: center line ~:: --43 ?0:-42 37. 34-
39:

32-

d ,4

$?k%
2

I

$i$R

Top of bea< $%&a
3
I

Top of beam< I (

\

%=

&
,2354

/

East face
I

P

6
8!7

I

%

@ - Gagesusedin final
experiments

22 - Gages used in pre -
‘Iiminary tests
only

/
/

.

Figure5.- Positions of electric -resistice-~e strain gages on,
both faces of beam. (See table 2 for x- andy-coordinatesof
gagecenters.)
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Gagereadings,0.000002in./in.
Figure6.- Curvesof loadagainststrainfor 48gagesinvicinityof

loadpoint. E, gage on east face; W, gage on west face.
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S.o 1 J

45 e = 0.00 inch> .

~ 6 = 0,125@h
w

35

Am
o Straincomputedbyadvancedtheory
x Averageobservedstrain

o0
y~ “tr&computedbyelementarytheory
b,

u ti
I

LO

s-

0 muwm mm
Sht?ki%in,g m - - - -

amwe~

m 7.- ComparisonofobservedstrainswithcurvesshowingstraiIIscomputed
alongthelinex= O.40fromy=O toy =4.66at500-poundcenterload.Both
theelementarytheoryandtheadvancedmathematicaltheoryofthisreportwere
used,with8 equalto0.0,0.125,and0.250inch.
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